We have studied the neurotoxicity of amyloid-beta (A␤) after a single unilateral intravitreal injection. Within the retina apoptotic cells were seen throughout the photoreceptor layer and the inner nuclear layer but not in the ganglion cell layer at 48 h after injection of A␤ 1-42 compared to vehicle control and control peptide. At 5 months, there was a significant reduction in total cell numbers in the ganglion cell layer in Nissl stained retinas. There was glial cell dysfunction with upregulation of glial fibrillary acidic protein and a reduction in the expression of Mü ller cell associated proteins in the injected retinas. These results suggest an indirect cytotoxic effect of A␤ on retinal neurons and an important role for dysfunction of Mü ller glia in mediating A␤ neurotoxicity. © 2002 Elsevier Science (USA)
INTRODUCTION
Alzheimer's disease (AD) is a devastating chronic neurodegenerative disorder that is characterized by the presence of senile plaques and a widespread progressive degeneration of neurons in the brain. A commonly accepted hypothesis is that abnormal processing of the amyloid precursor protein (APP) may lead to accumulation of extracellular deposits of amyloidbeta peptide (A␤), the principal constituent of senile plaques, that are potentially toxic to neurons (Cotman & Su, 1996; Hardy, 1997; Mattson et al., 1993; Selkoe, 1994; Yankner, 1996) . However, the evidence that supports a direct toxic effect of A␤ in vivo remains fragmentary (Calhoun et al., 1998; Geula et al., 1998) . In fact, most recent transgenic studies have not been able to demonstrate any significant loss of neurons in the brains of mice with extensive amyloidosis (Games et al., 1995; Hsiao et al., 1996; Sturchler-Pierrat et al., 1997; Wong et al., 1999) . Thus a fundamental and important issue that arises is whether aggregated A␤ is directly toxic to neurons in the central nervous system (CNS) in vivo.
In a recent pilot study, using the novel retinal-vitreal model, we reported that apoptosis of photoreceptors could be induced by intravitreal injection of A␤ peptide (Jen et al., 1998) . Changes were also observed in the Mü ller glial cells, the predominant retinal glia which are known to play a key role in the maintenance of neuronal function and survival. Dysfunction of these cells could be a crucial factor in mediating the cytotoxic effect of A␤. Here we provide evidence that the functional integrity of Mü ller glial cells can be compromised through direct contact with injected A␤ aggregates that accumulate on their endfeet, and that this may have adverse effects on both local and remote vulnerable neurons.
